Background: The prognosis of H. pylori infection-negative gastric cancer (HPIN-GC) has been rarely investigated. Applying a strict definition of H. pylori status, the prognosis and molecular prognostic markers in HPIN-GC were evaluated. Methods: A combination of multiple methods was carried out to strictly evaluate H. pylori infection in gastric cancer (GC) patients between June 2003 and October 2012 at Seoul National University Bundang Hospital. H. pylori infection was defined as negative if histology, a rapid urease test, culturing, serology and history of H. pylori eradication were all negative. Patients with severe gastric atrophy by the serum pepsinogen test or histology were assumed to have had a previous H. pylori infection. Epstein-Barr virus (EBV) in situ hybridization, PCR-based microsatellite instability (MSI) testing, and p53 immunohistochemistry were performed. Results: Compared to 509 H. pylori infection-positive gastric cancer (HPIN-PC) patients, 24 HPIN-GC patients showed a significantly higher frequency of cardia location (P=0.013), and the depth of invasion in HPIN-GC was more advanced, although there was no statistical significance (pT3-pT4, 37.5% for HPIN-GC vs. 28.5% for HPIP-GC, P=0.341). In multivariate analysis, depth of invasion and lymph node metastasis were identified as the most important prognostic factors for relapse-free survival and overall survival (P＜0.001). However, the status of H. pylori infection was not an independent prognostic factor for relapse-free survival and overall survival. The positivity of EBV in both groups was low, and the survivals according to MSI and p53 status in HPIN-GC patients were not significantly different.
INTRODUCTION
Helicobacter pylori (H. pylori) is strongly associated with gastric cancer (GC) through epidemiologic and clinical studies, and it has been classified as a class I carcinogen by International Agency for Research on Cancer. 1 However, the etiology of GC is not limited to H. pylori infection.
Dietary factors such as salt and nitrates contribute to the development of GC, and Epstein-Barr virus (EBV) is also responsible for approximately 5% of GC cases. 2 Although the definition of H. pylori infection-negative gastric cancer (HPIN-GC) has not been established well, the prevalence of HPIN-GC is considered low, especially in Korea and Japan. [3] [4] [5] [6] [7] The reported prevalence in both countries ranged from 0.66% to 10.6%. 4, 6, 7 Our group reported that 5.4%
cases of GC were negative for H. pylori infection. 7 The prognosis of HPIN-GC has been rarely investigated in the literature. 3, 5, 8 In two studies conducted in Western countries, 3, 5 the positivity of H. pylori infection in GC patients was 24.7% and 14.0%, respectively. The survivals in H. pylori-infection positive gastric cancer (HPIP-GC) patients were better than those in HPIN-GC, and the H. pylori infection status was reported to be an prognostic factor, independently of other well-known prognostic factors. 3, 5 In term of the diagnostic methods, the H. pylori status in GC patients was assessed by bacterial culture, histological analysis, serology, and/or PCR method. However, the diagnostic criteria were not as strict as in the recent research on the prevalence of HPIN-GC, and the status of H. pylori infection in the two studies was not properly evaluated. In the recent prevalence studies, including our report, strict definitions of H. pylori infection were employed, and precise diagnosis of HPIN-GC was tried with a combination of various diagnostic methods. 6, 7 With regard to the carcinogenesis of GC, genetic and epigenetic changes in oncogenes and tumor suppressor genes, cell cycle regulators, and DNA repair genes have been reported. 9 The microsatellite instability (MSI) is defined as length changes of microsatellites, which are repeating sequences of 1-6 base pairs of DNA. The MSI is caused by an impairment of DNA mismatch repair system. 9 The p53 tumor suppressor gene is the most commonly mutated gene in various human cancers, and alteration or inactivation of p53 allows a cell with damaged DNA to escape from normal growth, resulting in cancer development. 9, 10 The mutated p53 proteins accumulate with a prolonged half-life in amounts and can be detected by immunohistochemical methods. 10 In GC patients, the clinicopathologic characteristics and prognostic roles of MSI and p53 expression have been reported in several studies. [11] [12] [13] [14] [15] However, considering of the majority of HPIP-GC in GC patients, the results of the previous reports could represent the role of MSI and p53 expression in HPIP-GC. To our knowledge, there is no study evaluating the molecular prognostic markers such as MSI and p53 expression, confined to HPIN-GC. Committee at Seoul National University Bundang Hospital.
Initial Determination of H. pylori Infection Status
To determine the current status of H. pylori infection, three biopsy-based tests (histology, rapid urease test, and culture) were employed. The protocols for the three tests were previously described in detail. 7 To identify previous H. pylori infection, the sero-positivity and eradication history were investigated. Sero-positivity was assessed by enzyme-linked immunosorbent assay (ELISA) for anti-H.
pylori antibody in each patient's serum (Genedia H. pylori ELISA; Green Cross Medical Science Corp, Eumsung, South Korea). In addition, eradication history was evaluated in each patient by a questionnaire.
Evaluation of Gastric Atrophy by Serum Pepsinogen Test and Histologic Findings
In fasting serum collected from each patient, the concentrations of pepsinogen (PG) I and II were measured using a 
Follow-Up
The patients who underwent curative resection of GC were included in a follow-up program in the departments of Surgery at Seoul National University Bundang hospital. 22, 23 The follow-up investigations were scheduled at 3-month intervals for the first 2 years, then every 6 months for the next 3 years, and annually until the patient's death.
The program consisted of physical examination, routine blood tests, endoscopy, and ultrasonography or computed tomography. Clinical outcomes were obtained from medical records until the date of death, loss-to-follow-up or
October 2012 (end date of the study). Causes of death were ascertained by medical records and death certificate.
Statistical Analysis
To compare the clinicopathologic and molecular charac- 
Determination of the H. pylori Infection Status
In the 849 GC patients, the H. pylori infection status was determined according to the strict definition, and these selection processes are summarized in Fig. 1 . We determined strict definition of H. pylori infection-negative as followed; 1) absent metaplastic atrophy both in the antrum and body, PG I/II ratio ＞3; 2) non-applicable for atrophy either in the antrum or body but absent intestinal metaplasia both in the antrum and body, PG I/II ratio ＞3; 3) absent atrophy both in the antrum and body, PG I/II ratio H. pylori infection during the process of gastric atrophy. 4, 7, 24 Finally, 36 patients were categorized as HPIN-GC.
Clinicopathologic and Molecular Characteristics between H. pylori-Infection Positive and Negative Gastric Cancers
The clinicopathologic features between HPIP-GC and HPIN-GC were compared ( depth of invasion in HPIN-GC group was more advanced than that in HPIP-GC group, although there was no statistical significance (pT3-pT4, 37.5% for HPIN-GC vs.
28.5% for HPIP-GC, P=0.341). The proportion of lymph node metastasis in HPIN-GC group was more than that in HPIP-GC group, but there was no statistical significance (45.8% for HPIN-GC and 36.9% for HPIP-GC, P=0.378).
To investigate causative and prognostic factors in HPIN-GC, EBV in situ hybridization, p53 immunohistochemistry, and PCR-based MSI testing were performed in the surgical specimens (Table 1 ). Among 24 HPIN-GC who underwent curative surgery, one patient was excluded from further analysis because of insufficient remaining tissue. Age-and sex-matched 23 patients were randomly selected from HPIP-GC patients to properly compare with HPIN-GC patients (Fig. 1) . The positivity of EBV in both groups was low (6.7% vs. 7.7%), which was not significantly different. Similarly, the distributions of MSI-H and p53 positivity in HPIN-GC were not significantly different from those in HPIP-GC.
Influence of H. pylori Status on Survival
In 509 HPIP-GC and 24 HPIN-GC patients, the influence of H. pylori status on long-term survival was evaluated. In the entire patients, 44 patients had died of tumor recurrence; the 5-year survival rate was 89.8% (standard error (SE), 1.5%). Only one of the HPIN-GC patients had died of tumor recurrence. Univariate analyses showed a significant association between relapse-free survival (RFS) and tumor size (≥3.5cm), Lauren classification, depth of inva- sion (pT1-pT2/pT3-pT4), and lymph node metastasis (pN0/pN1-pN3) (data not shown). With regard to overall survival (OS), there is an association with age, tumor size, Lauren classification, depth of invasion, and lymph node metastasis ( Fig. 2A-D) . The 5-year survival rate were as follows; 99.1% (SE, 0.5%) in pT1-pT2 versus 70.9% (SE, 4.2%) in pT3-pT4, 99.4% (SE, 0.5%) in pN0 versus 86.6% (SE, 2.6%) in pN1-pN3, 96.5% (SE, 1.2%) in intestinal type versus 91.5% (SE, 1.8%) in diffused or mixed type, 98.6% (SE, 0.8%) in small tumor size (＜3.5cm) versus 83.6% (SE, 2.5%) in large size (≥3.5cm). In multivariate analyses, depth of invasion, lymph node metastasis, and Lauren classification were identified as independent prognostic factors for both RFS and OS (Table 2) . However, the status of H. pylori infection was not a significant factor in both univariate and multivariate analyses (Fig. 2E, Table 2 ). The 5-year rate of OS was 96.9% (SE, 0.8%) in H. pylori-positive and 93.8% (SE, 6.1%) in H. pylori-negative subjects, respectively. In addition, no significant effect of H. pylori status on survival was found in the subgroup analysis (such as tumor location, pT and pN stages) (data not shown).
Molecular prognostic markers in H. pylori-Infection Negative Gastric Cancers
For the evaluation of usefulness as a prognostic factor in HPIN-GC, the clinicopathologic features were stratified by MSI and p53 status (Table 3) Fig. 2F and 2G ), but there was no significant difference.
DISCUSSION
During the past decade, the definition of HPIN-GC has been continuously changed in the literature. [3] [4] [5] [6] [7] 25 Kato et al.
reported HPIN-GC prevalence of 2.0% to 10.6% using anti-H. pylori antibody and PG tests, 4 but the diagnostic tests have been challenged because of the spontaneous seroconversion of antibody and the false negative rate of PG tests. 26, 27 In other studies using serology and PCR test, the negative rates of H. pylori infection in GC were 14% and 18.8%. However, the definition of H. pylori status was extremely strict, in which even active gastritis in the absence of H. pylori detection was considered as previous H. pylori infection. Consequently, the prevalence of HPIN-GC was estimated 0.66%, which was much lower than those of the previous studies. [3] [4] [5] 8 The interobserver variability of histologic and endoscopic observation of atrophic change could be also problematic. 7 In our previous research, severe gastric atrophy was assessed by serum PG test and histologic evaluation of metaplastic gastric atrophy to exclude the GC patients with possible past infection, considering that H. pylori causes atrophy/intestinal metaplasia and can be eliminated after long-time colonization. 7, 24 The prevalence of HPIN-GC was calculated as 5.4%, 7 and the combination of multiple diagnostic methods was also employed in the present study.
The clinicopathologic features of the present study were compatible with the previous studies (Table 1) . [3] [4] [5] [6] [7] 25 In the literature, the higher distributions of cardia location and diffuse type in HPIN-GC were frequently reported, 3, 5, 6, 25 and female predominance was also found. 3, 25 In the present study, the significantly higher frequency of cardia location was observed (Table 1) . With regard to the pathologic T and N staging, the advanced T and N stages in HPIN-GC were previously reported, but the results were not consistent. reported to be independent prognostic factors. 5 From the results of the two studies, the clinical implication of H. pylori infection was expanded to influence GC prognosis.
Similarly, in earlier research by our group, 7 the poor prognosis of HPIN-GC could be inferred from the clinicopathologic features of HPIN-GC such as advanced pT stage. However, the survival analysis of the present study revealed that there is no association between H. pylori status and GC prognosis ( Fig. 2E and Table 2 ). The pT and pN stages were identified as the most important prognostic factors for and RFS and OS ( Fig. 2A-B 29 The better prognosis of GC in Asian countries could influence the prognostic results. [29] [30] [31] The good prognosis in Korean GC patients has been repeatedly reported previously. 31, 32 Several studies demonstrated the differences in survival between EBV-positive and EBV-negative GC, but there has been still considerable controversy. 33 In the present study, the frequency of EBV positivity in both HPIP-GC and HPIN-GC was approximately 5%, and there was no association between EBV and HPIN-GC (Table 1) . Given the limited number of EBV-positive patients, further analysis was not performed.
The frequency of MSI in GC has been reported from 9.5 to 44%, 9 and distinctive clinicopathologic features such as older age, distal location, larger size, intestinal classification, lower lymph node involvement, and improved survival have been suggested. 9, [12] [13] [14] The tendencies of older age and intestinal classification in MSI-H were also demonstrated in both HPIP-GC and HPIN-GC of the present study (Table 3) . Regarding p53 expression in GC, the positivity rate has been reported to range from 4% to 71%, and the association with intestinal classification has been reported. 11, 15, 19 The prognostic value of p53 on survival is not conclusive, but several studies have demonstrated a poor prognosis. 15, 19 In the present study, the tendency of intestinal classification is observed in HPIP-GC (60.0% vs. 30.8%) and in HPIN-GC (54.5% vs. 33.3%) (Table   3) . Interestingly, among all the 5 cardia cancer patients of HPIN-GC, four patients (80%) were p53 positive whereas only on patient was MSI-H, and the all the 5 cardia patients in HPIN-GC showed advanced pT (pT3-pT4, n=3) or pN (pN1-pN3, n=4) stages. The tendency of cardia location and advanced stage in p53 positive HPIN-GC patients could be due to the features of cardia cancer (Table 3) . In GC patients with cardia location, the lack of association with H. pylori and the high expression of p53 were often noted in the previous studies. [35] [36] [37] With respect to prognosis, the interpretation of the clinicopathologic features according to MSI and p53 expression should be cautious, because the influence of MSI and p53 on survival was not clear in the present study (Fig. 2F, 2G ).
With the strict definition of H. pylori infection, we found 4.2% (36/849) cases of gastric cancer were HPIN-GC in the present study. The prevalence of HPIN-GC is regarded as low. 6, 7 In other words, recruiting an adequate sample size might take too long time. Thus, the attempt testing the molecular markers in HPIN-GC, like the present study, is needed for clinicians, although the number of cases was limited. To our knowledge, this is the first trial evaluating the prognostic molecular markers in HPIN-GC. The application of the prognostic markers, MSI and p53, to the patients with NPIN-GC should be deferred until the prognostic role of MSI and p53 becomes clear in HPIN-GC.
In conclusion, it was found that when applying the strict definition of H. pylori infection, the status of H. pylori infection was not a prognostic factor for survival in GC patients. Depth of invasion and lymph node metastasis were confirmed as the most important prognostic factors.
The prognostic implication of MSI and p53 on survival in HPIN-GC patients was not clear.
